Expansive laminoplasty is devised to preserve the posterior structures, including the original length of the spinous process which anchors the nucheal muscles, in order to prevent the postoperative development of instability and cervical kyphosis due to structural loss and poor tone of the nucheal muscles, which can result in late neurological regression after laminectomy for cervical myelopathy.
Introduction
Late neurological deterioration after laminectomy for cervical myelopathy has been reported to be 18 % 1 or 60%, 2 and the cause was thought to be the development of instability and cervical kyphosis due to structural loss and poor tone of the nucheal muscles. 1, 2 .
In order to prevent the postoperative development of abnormal alignment, we devised expansive lamino plasty, where the posterior structure is preserved to the greatest degree possible. 3 We have reported good results with this procedure; improvement of motor function in 48 patients out of 56 with cervical myelopathy, and maintenance in 45 patients; 4 and no postoperative neurological deterioration at the 4 year follow-up in seven patients with cervical spondylotic myelopathy associated with the athetoid type cerebral palsy.
In this procedure, an auto bone graft (ABG) is inserted as a spacer between the two sides of the split spinous processes which are displaced aside laterally (Figure 1 ). 3 Recently, in order to decrease the operation time and bleeding during the operation and to avoid fostoperative pain around the donor site of the graft, ,7 we began to use the hydroxyapatite Correspondence: K Hoshi (HA) spacer instead of ABG. However, shortening of the spinous process as noted at follow-up was noted in some patients with HA. 8 , 9 This phenomenon may jeopardize the concept of this procedure in a biomechanical aspect.
The purpose of this study was to determine the incidence of the shortening of the spinous process in patients with an expansive laminoplasty.
Patients and methods
We have retrospectively reviewed 19 patients, 13 of whom had HA and six ABG, operated on between 1985 and 1992 in the University of Tokyo Hospital by expansive cervical laminoplasty devised by Kurokawa. 3 The operative technique of this procedure is as follows: Through a midline longitudinal incision only one side of the paravertebral muscles is separated from the nucheal ligament to preserve the tone of this ligament, and the ligament is then separated from the spinous processes. Deep nucheal muscles are retracted from their site of origin to expose the laminae and the spinous processes (Figure 1 (1) ). The latter are carefully split vertically along the midline using a small round cutting bur. Two bony gutters are made just medial to the facet joint and pedicle with a high speed bur (Figure 1 (2) ). The spinous processes and (Figure 1 (3) ). Finally, the deep nucheal muscles separated from the C2 spinous process are again sutured onto the original site in order to restore their tension (Figure 1 (4) ), and the wound is closed.
Ten patients who had cervical spondylotic myelo pathy (CS) and nine with myelopathy due to ossification of the posterior longitudinal ligament (OPLL) were included in this review. We measured the length of the spinous process under the bone-augmented condition on 66% scaled down CT images, using a GECT 9000 (Yokokawa Co., Japan). Two images taken less than 3 months and more than 6 months after surgery at nearly the same plane were compared and divided into three cate gories, short, long and no change: short, the latter with more than 3 mm shorter in length; long, being longer than 3 mm; no change, a difference within 3m m. Chi-square test was used to examine the results statistically and a significant standard was defined as more than 99%.
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Results
Sixty spinous processes in the HA group and 22 in the ABG group were compared (Table I ). The short spinous process (Figure 2) was observed in 80% of the former and in 9% of the latter, the incidence of shortening thus being significantly higher (P<O.OI) in the HA group ( Table 2 ).
There was no significant difference between the incidence of the short spinous process and patient's age at operation, the type of disease, the surgical level, or the period between the operation and the time when the second CT image was taken (Table 3) .
Discussion
As it is difficult to take a CT image at two different times in an identical plane, credibility in the methodology of this study must be carefully evalu ated. However, as there were only a few instances of shortening or lengthening of the spinous process in the Table 1 Expansive cervical laminiplasty K Hoshi et a/ Table 1 ABG group, the method used was seen to have an adequate degree of accuracy to prove significant shortening of the spinous process.
This study showed that the short spinous process was more common in patients where HA was used than in those using ABG. Neither age, the type of disease nor the surgical level had any significant influence on the incidence of the short spinous process. As this process was already observed in 82% of the patients 6 months to 1 year after the operation, the phenomenon was thought to occur early in the postoperative period. Reports of experiments with animals state that newly formed bone was detected in the pores of the HA inserted into bone medulla !O or placed on the periosteum !! within several weeks, and HA is thus thought to exhibit bone conductivity as long as it comes into contact with bone tissue. Although the reason for the shortening of the spinous process observed in a significant number of HA cases in this study is not yet clear, the contact between the split spinous processes and the HA spacer may not have been adequate for HA to demonstrate bone conductivity, because of the small contact area and/or the motion of the cervical spine.
The use of HA has the advantage of being less invasive than ABG, however, it may jeopardize the biomechanical function of the nucheal muscles by reducing the original length of the spinous process. Further studies are required to determine the actual influence of this process on the biomechanical function of the cervical spine.
